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LEGAL NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the Commission, nor any
person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness
of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed
in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for
damages resulting from the use of any information, apparatus,
method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee
of such contractor, to the extent that such employee or contractor
of the Commission, or employee of such contractor prepares, dis-—
seminates, or provides access to, any information pursuant to his
employment or contract with the Commission, or his employment with
such contractor.
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k CALCULATIONS FOR 22 ZPR-1Il FAST REACTOR ASSEMBLIES
USING ANL CROSS-SECTION SET 635

by

W. G. Davey

ABSTRACT

The Yiftah, Okrent, and Moldauer cross-section set
(ANL Set 135) has been modified to include new measure-
ments of v and a for U?*®, and also to include, in an approx-
imate manner, Hummel, Rago, and Meneghetti's corrections
for flux depression at resonance energies in aluminum and
stainless steel. This modified set, ANL Set 635, has been
used to compute values of k for 22 ZPR-IIl assemblies of
widely varying composition. The DSN neutron transport
code was used in spherical geometry and the S4 approxi-
mation; shape factors were used to convert from cylindrical
to spherical geometry. Seventeen of the calculated values
of k lie within 1% of a mean value of 1.003, and the re-
maining 5 lie within 12%. In terms of prediction of critical
mass, it appears that the procedure used here can achieve
an accuracy of 5% to 10% for a wide range of U?*-fueled
assemblies.

1. INTRODUCTION

The main objectives of Yiftah, Okrent, and Moldauer in constructing
their publilhed(l) multigroup cross-section set (ANL Set 135, widely known
as the YOM Set) was to use, as far as was possible, only microscopic nu-
clear data, and to document all choices and assumptions made. In a com-
parilon“) between measured and calculated critical masses of a range of
ZPR-1Il assemblies for which data were available at the time of the study,
it was shown that the disagreement in terms of keff was, in general, only
about 1% and was at most about 2%. In addition, it was shown that the use
of conservative values for v for U*¥ (which were not the best which could
be deduced from the basic data but which were plausible in view of experi-
mental errors) further reduced the disagreement between calculation and
experiment.

Unfortunately, this fairly satisfactory situation did not continue when
the range of ZPR-1Il experiments was extended to large reactors containing
considerable quantities of nonfertile diluents, such as steel, aluminum,






carbon, and oxygen.(z") In these cases, the calculated values of k (not
using the conservative values of v for U**)were about 5% too high. Recent
work by Monoghotti(f'-l” and Hummel and ngo(ﬁ) has shown that for ma-
terials such as aluminum, steel, sodium, and oxygen, which have strong
resonances in the energy region of interest, group cross sections must be
obtained in a manner that accounts for the depression of the flux in the
resonances. Allowance for these effects has reduced the disagreement
between calculation and experiment.(s-”) but if only this correction is
introduced the discrepancies in certain cases still remain as high as

3% or 4% in k.

However, there are other points for which recent work has indicated
that the original YOM calculations can be improved. In the field of anal-
ysis, calculations by Loewenstein and Main,(7) and experimenu(ZO:Zl)
have shown that the shape factors which should be used in deriving the
masses of equivalent spherical reactors from those of the experimental
cylindrical reactors (which is necessary as multigroup transport theory
calculations are only practicable in one-dimensional geometry) in some
cases are appreciably different from those previously used.(8) Also, new
measurements show that the capture-to-fission ratios (a) for U, ys,
and Pu®¥9) and the v value for U?*(10-12) are considerably different
from the YOM data.

As each of the modifications (i.e., in resonance shielding effects,
shape factors, and a and v values) can change the calculated values of k
in certain assemblies by up to 1%, it was believed that these should be
introduced into a further study of the ZPR-III data.

For this study, the YOM data were modified to give a cross-section
set listed at Argonne as ANL Set 635, and this was used to examine
22 ZPR-1Il assemblies of widely varying composition.

2. OBJECTIVE OF THIS STUDY

The work of Hummel and Rago and Meneghetti clearly shows that
when reactors contain materials with strong resonances, then, due to the
superposition of resonances, an exact evaluation of group cross sections
must be made for the mixture of elements. Consequently, as all practical
reactors contain steel and sodium, exact calculations must use cross-
section sets which are unique to each core composition. In addition, as
there are spatial variations of neutron spectrum, it is possible that in
exact calculations group cross sections should vary throughout the
reactor.
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Although the amount of work involved in this procedure is, no doubt,
justified for examination of a specific reactor design, a large amount of
computation is concerned with parametric studies of projected reactors.

In these studies, a large number of reactors of different compositions and
sizes must be examined briefly in order to find which reactors are worthy
of detailed study, and the work involved in exact calculations for these re-
actors could be prohibitive. Although such a procedure is known to be
inexact, there is a strong case for determining if a single cross-section
set can predict the critical sizes of a variety of reactors with adequate
accuracy.

Hence, the objective of the present work is to see if a single cross-
section set, based upon the basic nuclear data, can predict the critical
masses of a wide variety of ZPR-IIl assemblies with reasonable accuracy.

It is recognized that, even if such a cross-section set is successful
in attaining this objective, there is no expectation that it can predict other
parameters with similar accuracy, and, indeed, it may be grossly in error
in computation of, for example, perturbation effects.

3. CONSTRUCTION OF ANL SET 635

The ANL cross-section set 635 consists of the 16-group YOM Set
(ANL Set 135) with modified values of @ and v for U?* and of o transport
(a") and o elastic removal (0, ,) for aluminum and the components of
stainless steel, i.e. Fe, Ni, and Cr.

3.1 a for U

This quantity has been measured by Diven and Hopkins(q) over an
energy range from 30 kev to 1 Mev with about 7% accuracy.

Values of a for each of the YOM groups in the range of the meas-
urements were taken from a smooth curve drawn through the experimental
points of Diven and Hopkins. These were then used with the YOM values
of og for U® to give new o(n,y) U?* data. For YOM groups 1, 2, 3, 15,
and 16, the YOM o(n,y) U?*® were used. The two sets of data are compared
in Table I.

It can be seen that the new values of 0(n,y) are lower than those
provided by the YOM data above about 0.3 Mev (i.e., groups 4, 5, 6) and
higher than those from the YOM data below this energy. As many of the
ZPR~-IIl assemblies are not very dilute, they have spectra which peak at
about this energy, and in these cases (e.g., assemblies 23, 10, and 24) the
change in k caused by the change in o(n,y) U** is small (0.2% or less),
but in very dilute assemblies (e.g., assemblies 14 and 29) the value of k
is decreased by about 1%.






Table 1

ANL SET 635 AND YOM DATA FOR o(n,y) AND v U

Lower Energy o(n,y) (barns) v
G'a’)“" Limit (Ey)

(Mev) Set 635 YOM Set 6352 YOM

1 3.668 0.020 0.020 &:71 3.15
2 2.225 0.035 0.035 2:.71 2.84
3 1.350 0.058 0.058 2.60 2.67
K 0.825 0.102 0.115 2.53 2.58
5 0.500 0.167 0.193 2.48 2.52
6 0.300 0.200 0.240 2.46 2.48
7 0.180 0.305 0.296 2.44 2.45
8 0.110 0.397 0.370 2.43 2.44
9 0.067 0.549 0.483 2.43 2.43
10 0.0407 0.731 0.624 2.42 2.43
11 0.0250 0.954 0.803 2.42 2.42
12 0.0150 1.150 1.003 2.42 2.42
13 0.0091 1.396 1.249 2.42 2.42
14 0.0055 1.732 1.689 2.42 2.42
15 0.0021 2.092 2.092 2.42 2.42
16 0.0005 3.825 3.825 2.42 2.42

@These are the conservative v values of YOM
3.2 y for U*»®

The data for v of U**® as a function of neutron energy has been
greatly extended and improved in accuracy by the work of Moat et al.,
Butler et al., and Diven and Hopkins, and it is apparent that these data
should be carefully analyzed to obtain the maximum information. For
example, it is now clear that v of U?* is not a linear function of neutron
energy from thermal energies to 14 Mev,“o) and it is possible that it may
not be linear in the energy range of interest in fast reactors. However,
this point is not yet clear, and the new data are not inconsistent with the
conservative values tabulated by YOM (these are given approximately as
v(E) = 2.42 + 0.1E). Consequently, in order to avoid unnecessary duplica-
tion of data, it was decided to use the conservative YOM values in the present
study. These data are given in Table 1.

A feature of these values that probably will not be substantiated by
the new measurements is the equality of v in groups 1 and 2. However,
as only about 2 to 3% of the flux lies in group 1, and also as the final
analysis of the experimental data will certainly require some modification
of all the v values, it was decided to accept these data.






As has been shown by Yiftah, Okrent, and Moldauer,(1) use of the
conservative v values rather than of the best YOM data decreases the cal-
culated values of k by about l%%.

3.3 Resonance-corrected Cross Sections for Aluminum and Stainless Steel

The IBM-704 ELMOE code of Hummel and Rago carries out a funda-
mental mode analysis by means of hundreds of neutron groups and detailed
elastic-scattering matrices, so that resonances are accurately described.
The code thus yields the material buckling of the core under consideration
and the detailed variation of flux with energy. Gross group cross-sections
for neutron transport and elastic scattering are then derived.

As stated in Section 2, the ELMOE calculation should be carried out
for the correct core mixture and a given mixture which contains resonance
materials, such as aluminum, stainless steel, sodium, and oxygen, should
have a unique set of cross sections, but the present study is concerned with
determining the usefulness of a single cross-section set. Here we follow
the work of Meneghetti in that we use aluminum and stainless steel cross
sections evaluated, respectively, for the predominantly aluminum and
stainless-steel-diluted ZPR-IIl Assemblies 23 and 32. Hummel and
Rago and Meneghetti showed that this procedure overestimates the cor-
rection applied for resonance flux depression, since the minima in the
cross section of a given element are frequently filled in by other elements.
The reader is referred to these reports for discussions of this phenomenon.

Thus, in neither the aluminum nor the stainless steel data in Set 635
is allowance made for the presence of other resonance materials. The
cross sections for sodium, oxygen, and all other materials (excluding U®*)
were taken unmodified from the YOM set.

The corrections to the YOM aluminum and stainless steel data are
taken from Table II of Meneghetti.(”) They are presented in Table II of
this report. These correction factors were applied to the YOM data for
Al, Fe, Ni, and Cr to give the cross sections used in Set 635. As, in each
group, the same stainless steel correction factor was applied to the Fe, Ni,
and Cr YOM cross sections, these data can only be used for calculating
the effects of stainless steel. They cannot be used for evaluating the effects
of Fe, Ni, and Cr separately.

Meneghetti has shown that for ZPR-1II Assemblies 23, 29, 30, 31,
and 32, the effect of introducing the corrections listed in Table II is to
reduce the calculated value of k.
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Table 11

RATIO OF MODIFIED (SET 635) TO UNMODIFIED (YOM)
CROSS SECTIONS FOR ALUMINUM AND STAINLESS STEEL

Ratio
Lower
Gro Energy Aluminum Stainless Steel
() Limit Ey,
(Mev) T Elastic Elastic
. ene ook Transfer Transport Transfer
" (2 ™™ -

1 3.668 == (1)* =™ (1)~ (1) (1)
2 2.225 wee 0.83 1w 1.11 «r 0.86 0.81
3 1.350 200 0,95 199 |ouc ] 25 - 0.97 1.14
4 0.825 4% 0,85 *o¥|emt] 02 0.91 1.03
5 0.500 a7 0.945777 [o.404 ] 1] eas 0.95 1.11
3 0.300 7 0,94 ™ loazo ] 02 4 0.86 0.78
7 0.180 22 0,76 **? jo.0rt 0,93 -aw 0.94 1.03
8 0.110 $€5 0.61 30¢%jocr 0.84 o7 0.84 0.99
9 0.067 €97 0.475 ™ |oct0 0.6] - 0.64 0.80
10 0.0407 " 0.67 1 %% |10y 0.68 209 0.95 0.95
11 0.0250 [« 0.24 V=% fernr 0,36 %€ 0.49 0.75
12 0.0150 [0 0.71 ¢ **"|eert ~0 ° 0.67 0.73
13 0.0091 [** 0.97 v femr 1,000 0.98 0.98
14 0.0055 |7t (1) o (1) (1) (1)
15 0.0021 (1) (1) (1) (1)
16 0.0005 (1) (1) (1) (1)

2For groups 1, 14, 15, and 16, no ELMOE calculation was made
and here the ratio is assumed to be unity.

4. CALCULATIONS WITH SET 635

The method used in the present calculations was (a) to correct the
experimental critical mass for the effects of heterogeneity, core boundary
irregularities, and the ZPR-1II center gap to give the critical mass of a
homogeneous regular system, usually a cylinder; (b) except in the few
cases where the experimental cores were spherical, a shape factor was
next applied to give the critical mass of an equivalent homogeneous
spherical reactor; (c) and to carry out spherical geometry, DSN transport
theory calculations in the 54 approximation to obtain the effective multipli-
cation factor k. Ideally, a k of unity should be obtained. From these cal-
culations, spectra and fission rates can be derived.

The experimental critical masses and corrections are given in
Table III.






Table 111

EXPERIMENTAL CRITICAL MASSES AND CORRECTIONS*

Experimental Corrections to Critical Mass

ZPR-111 Experimental AM/M)P

Assembly | Critical Mass AKX Hetero- | Irregular | Center Corrected

Number M (kg) geneity | Boundary Gap Experimental

(kg) (kg) (kg) Mass (kg)

2A 147.7 3.3 + 38 0.1 ot O 150.3
5 159.5 4.1 + 4.6 =0.1 3.2 162.8
6F 3311 3.8 + 34 -0.1 =1.1 133.3
9A 146.2 4.4 + 58 0.3 -3 150.6
10 155.8 5.3 + 9.1 =0.1 W 163.1
11 240.6 7.0 +16.6 -0.2 -3.0 254.0
12 176.8 55 + 58 =0.1 =1.8 180.7
14 136.0 38 + 2.6 -0.1 -1.1 137.4
16 204.8 4.8 +10.2 -0.2 -2.0 212.8
17 156.5 4.5 + 35 =0.1 o 158.5
20 431.0 5.0 +15.2 -0.2 -3.0 443.0
23 258.1 4.5 + 98 -0.2 3.0 264.7
24 460.7 9.4 +35.7 -0.4 -6.0 490.0
25 581.6 7.2 +37.7 -0.4 -6.0 612.9
29 420.7 5.4 +24.0 -0.2 =3.0 441.5
30 394.9 5.7 +22.5 =0.2 3.0 414.2
31 463.0 5.6 +25.9 -0.2 3.0 485.7
32 227.5 4.2 ¢+ 92 -0.2 ~“3.0 234.0
i3 238.0 4.2 + 9.7 =0.2 =3.0 244.5
34 503.0 5.0 +24.9 -0.4 -6.0 221.5
35 505.4 4.8 +33.5 -0.4 -6.0 532.5
36 242.7 4.3 +10.4 -0.2 -3.0 249.9

2References for these data are given in Appendix I

"'nn. ratio is that between a fractional change in critical mass (added at the
boundary of the reactor with no change in composition) and the corresponding
fractional change in k.

4.1 Corrections for Heterogeneity, Core-boundary Irregularities, and
the ZPR-III Central Gap

The basic units for construction of the ZPR-IIl assemblies are
small slabs of fuel and diluent of approximate dimensions 2 x 2 x % in. It
has been shown both experimentally(14) and theoretically(15) that, because
of the finite thickness of the pieces, the fission rates are not uniform
through a typical cell, but are higher in the fuel. As a consequence, the
experimental heterogeneous assembly is more reactive than a similar
homogeneous system. Experimental corrections for this effect are made
by measuring the reactivity change on bunching the fuel pieces and also
on substituting some |L6 =in.-thick fuel pieces and then extrapolating to find
the effect of zero-thickness fuel. These reactivity effects are of the order
of 1% in k (i.e., 5% to 10% in critical mass).

10
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The correction for core-boundary irregularities arises because
cylindrical and spherical assemblies must be approximated in ZPR-III
by means of modules of square cross section. Experiments(14) in which
smaller modules were utilized have indicated that the correction is
small; the experimental assembly is less reactive than the ideal system
by only about 0.01% to 0.02% in k (i.e., about 0.1% in critical mass).

The center-gap correction in ZPR-III occurs because it is con-
structed in two halves and there is an inhomogeneity in the center plane,
consisting of the fronts of the drawers used to hold the fuel and diluent
pieces (about 0.16 cm of stainless steel or aluminum) plus any clearance
between the halves. It has been estimated that these cause the experi-
mental assembly to be less reactive than the ideal system by about 0.1%
to 0.2% in k (i.e., about 1% in critical mass).

It can be seen that by far the most important of these corrections
is that made for heterogeneity. Because of uncertainties in extrapolation
to zero fuel thickness and in the validity of the substitutions, it is possible
that this correction may be uncertain to about 0.2% to 0.3% in k. Errors
in the other corrections are probably small when compared with this
error.

Because of the lack of experimental data for some reactors, it was
necessary to estimate the magnitude of some corrections by considering

the results obtained with similar reactors.

4.2 Shape-factor Corrections

The shape factor (SF) is defined as the ratio of the spherical
critical mass of a system to that of an assembly of the same core and
blanket composition but of different geometry (usually cylindrical).

It has long been known that the SF is a function of the length-to-
diameter ratio (L/D) of a cylindrical core, and it appears reasonable that
it should also be dependent upon other reactor parameters such as core
size and core and blanket composition. Until recently, the only data
available were experimental values for small dense cores [e.g., see
Loewensteinand Okrent.{“b) Although a recent theoretical study by
Loewenstein and Main(7) and some ZPR-IIl measurements(20,21) have
extended our knowledge to some large dilute cores, it still does not seem
possible to select a SF unambiguously.

The author understands that some of the numerical data given by
Loewenstein and Main(7) may be subject to revision; hence, the procedure
adopted here was to use Loewenstein and Main's data to define the variation
of SF with L/D and to obtain absolute values using experimental data only.
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Loewenstein and Main show that the general variation of SF with
L/D is similar for the four cases investigated, all the curves giving a
maximum SF close to an L/D of 0.9. Accordingly, a mean curve giving
this variation was derived from the data of Loewenstein and Main, the
curve being normalized to a value of unity at L/D = 0.9.

» The shape of this mean

o | curve (see Fig. 1) is within about
e | i% of the exact Loewenstein and
5‘ b Main values over the L/D range
7 from 0.7 to 1.2.

B |

s | Most of the experimental
i [ data on shape factors has been
g summarized by Loewenstein and
i Main, with the only data given for

U%**-fueled, thick uranium-reflected

SFTEETeY e W@ W gystems being for Topsy and the
spherical ZPR-1II Assemblies 6F
Fig. 1. Normalized Shape Factor as and 9A. These data have now been
a Function of L/D extended for spherical versions of
the large ZPR-IIl Assemblies 24
and 31 (called Assemblies 38 and 39, respectively). With the five values
available, the only well-defined trend is of decrease of SF with increasing
core size, the SF being roughly a linear function of core radius.

.

This variation is shown in Fig. 2, the shape factors being calculated
for cylinders with L/D values of 0.9.

COME COMPOSITION S AND DF MENS 10NS
u-n'nll ] u-: ~ T'.,"_"j
R 2 ‘-I \" 1 ""+
1.00 v MO BY R4 N4 N0
Toes u |ur|me|us fas)m
» .Il‘.lAll'!l".\A
>
o
e
3
-
;ou»—
Fig. 2
p .
Peak Shape Factor Versus i
Core Radius
]
¥ 090}
H > ! 1 L 1 1
0.50 0 26 70

20 30 40 50
SPHERICAL CORE RADIUS (cm)
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Thus, as little data are available, the possible variation of shape
factor with reactor composition, etc., has had to be ignored, and only a
crude dependence upon core size can be introduced.

The procedure for obtaining shape factors to permit computations
was therefore (a) to calculate the radius of a sphere of the same volume as
the cylindrical core; (b) use Fig. 2 to find the peak shape factor correspond-
ing to this radius (L/D = 0.9); and (c) to correct this shape factor to that
of the appropriate I./D by means of Fig. 1.

These shape factor corrections are given in Table IV together with
the resulting homogeneous spherical critical masses.

Table IV

THE SHAPE FACTOR CORRECTION

Approximate -
B Assembly Radius of Peak AAC:“.;I ﬁ:mcn: Q&A»m
No Y| vVolume Sphere of Shape® | L/D |{(L/D)b R——— = °d R
" . Shape Sphere
(liters) Same Volume | Factor F c
s actor (kg)
- 2A 56.4 24 0.96 0.97 0.997 0.96 144
5 60.8 24 0.96 0.94 0.999 0.96 156
6F 49.9 23 0.96 Sphere - - 153
9A 66.6 25 ¥ 0.96 Sphere - - 151
10 70.1 38 1567 [ 0.95 1.04 0.990 0.94 153
11 134.9 B 32 S 0.94 0.88 1.000 0.94 239
12 100.5 29 0.95 0.87 1.000 0.95 172
14 77.3 26 0.96 0.99 0.996 0.96 132
16 116.4 30 0.95 0.91 1.000 0.95 202
17 89.0 28 0.95 0.93 1.000 0.95 151
20 377.4 45 0.92 0.96 0.998 0.92 408
23 148.5 33 0.94 0.84 0.998 0.94 249
-t 24 324.6 43 +9| 0.93 0.93 1.000 0.93 456
25 432.6 47 4o 0.92 0.90 1.000 0.92 564
29 451.5 48 0.92 0.79 0.992 0.91 402
30 356.4 L] 0.92 0.80 0.994 0.91 377
31 425.0 47 0.92 0.73 0.980 0.90 437
32 131.0 32 586 0.94 1.17 0.972 0.91 213
33 136.9 32 0.94 1.14 0.977 0.92 225
34 574 .4 52 0.91 0.94 0.999 0.91 475
35 663.9 54 0.91 1.00 0.995 0.91 485
36 138.1 32 0.94 1.44 0.920 0.87 217
aat L/D = 0.90, from Fig. 2 €(Peak Shape Factor) x [f(L/D))
bFrom Fig. | dProduct of the shape factor and the
corrected experimental mass given
in Table 111
& Casd o :v.m'l..(, o 1741 ], el L T N
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4.3 The DSN Calculations

The homogeneous spherical critical masses given in Table IV were
used together with the core compositions to compute the expected critical
radii. DSN, S4 calculations were then carried out to obtain k effective for
each system. In all cases 30-mesh intervals were used, 15 being evenly
spaced in the core and 15 in the reflector. In five cases, the calculations
were repeated with double the number of mesh points, but this produced less
than 0.03% change in k, and it was concluded that 30-mesh intervals de-
scribed the system adequately.

Details of the reactor compositions are given in Appendix II.

5. RESULTS OF THE CALCULATIONS
Ciena
The k values obtained from the DSN calculations are given in e i
Table V together with a summary of the reactor compositions. i g
N ‘r)‘vm»x
2

Take ¥
REACTOR COMPOSITIONS AND COMPUTED VALUES OF k
Equivalent

" y E Approximate Volume Percentage of Material in Core? Compules ":.qm. Devistion in

~ Kot Critical Mass
WS | B | 2% seel | A | M| C 0 | m |2 ol ar
¢ n wr | w | a7 | 2 | e Lo12 +0.009 “al
% e | Mo | L0 | Z78 | N4 1012 +0.009 410
- Ll | o | 159 | 124 | N4 1.008 +0.005 L9
H L[ o | 159 | 123 | a4 1010 +0.007 29
» 20 50 | 0o | 29 | M4 s 1005 +0.002 sL1
x LS s9 | %0 | a7 | Ba 13 1.014 a0 )
N i sa | w1 | s |28 1013 +0.010 56
» 2 a7 | w3y | a8 | Bs Wl 1.000 -0.003 -15
- 22 | nr | mo | we | as 1003 0.000 00
] 11 1 | 190 | Ws | B2 0 |O (Invr :: t:

2 a | uy | s1e | s T Y

vl ‘B A ) nr oW -0.008 55
st u " 4 |y | w 0.9 -0.007 -66
el B "% 12 | w2 | w2 0wl 002 86
B e | 41 | a) | sa0 »s @ 0.9 -0.018 48
» 53 “u | e | 128 w2 0 0.008 u
n 07 | 93 | o7 | w2 w2 1017 +0.04 59
» ar | 93 | a7 | s 1018 0,015 %)
i 53 u |1 | w2 '8 1.000 -0.003 14
7 u u | Ba| 2 »0 0.9% -0.005 28
v 22 U | ;e | 02 &7 0 -0.005 23
" aw | %4 | a7 | a2 60 0w -0.008 10

¢ gensities corresponding 1o the somic densities tabulated by YOM. 1) These are also used for ANL Set 635,
BThe average value of the computed & is 100
Cusing the AWM/ AL/ wiues of Tedle T

For completeness, the central spectra and the central spectral in-
dices (principally fission ratios) were calculated; these are given in
Appendix III. The group fission cross sections used in calculating the
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average cross sections for U™ and U®® are not given by YOM, and values

for these were estimated from the Second Edition of BNL-325. These are
given in Appendix IV.

6. DISCUSSION OF THE CALCULATED VALUES OF
k AND CONCLUSIONS

Examination of Table V shows that Set 635 is quite successful in
that 17 of the calculated k values lie within t1% of a mean value of 1.003,
and the remaining 5 lie within 12%. This accuracy corresponds to an
ability to predict the critical masses of 14 of the assemblies to better
than 5%, and the remaining 8 to better than t10%.

If the nuclear data for a particular nuclide were appreciably in
error, then it might be expected that there would be a tendency towards
an increasingly inaccurate calculated value of k as the fraction of that
nuclide was increased. The k values in Table V are grouped in a manner
which would show such trends, but, although there are apparently slight
tendencies, such as (a) a lower k as the U**®/U?® ratio increases and
(b) lower k than average for all the carbon-containing assemblies, it is
doubtful if these trends are meaningful. The apparent absence of such
trends does not necessarily mean that the nuclear data are correct as,
for example, errors in the transport and capture cross sections of a
nuclide could fortuitously cancel out in a k calculation. In addition, any
trends would tend to be masked by random errors in the analysis.

In fact, the spread of calculated values of k is consistent with their
being a statistical distribution, for the root-mean-square deviation from
the mean value of 1.003 is 0.009, and 16 k values lie within 10.009 of the
mean and the remaining 6 lie between 0.009 and 0.018.

Hence, to summarize, it appears that a single cross-section set is
capable of predicting critical sizes with an accuracy of 5 to 10%. This
result, although encouraging, should be treated with caution, and it is
perfectly feasible that the procedures adopted here have inadvertently ob-
scured errors and that these errors may be magnified in somewhat dif-
ferent systems.
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APPENDIX I

REFERENCES FOR TABLE 111

Assembly | Experimental AM/M Hetero- l"“:'l" Center-
Number | Critical Mass | (& 8 B ry | gap Cor- | L/D
Correction | Correction rection
2A 14 14 14 14 14 14
S 14 a 14 14 14 14
6F 14 14 14 14 14 -
9A 14 14 14 14 14 -
10 14 14 14 14 14 1
11 14 14 a 14 14 14
12 14 14 14 14 14 14
14 14 14 14 14 14 14
16 14 14 14 14 14 14
17 14 14 a 14 14 14
20 1 c a a a 1 /
23 17 d a a a 17
24 17 e a a a 17
25 ‘ ' a a a ‘
29 17 2 a a a 17
30 3 3 3 a a 3
31 18 18 18 a a 18
32 17 b “ a a 17
33 17 b a a a 17
34 17 E 4 a a 17
35 f f { a a f
36 19 19 19 a a 19

AEstimated by the author using results on similar reactors.
bTo be published as ANL reports.

€ZPR-1II Memo 61.

4ZPR-III Memo 78.

€ZPR-1II Memo 76.

{ZPR-111 Memo 80.

8ZPR-1II Memo 75.
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APPENDIX 11

REACTOR COMPOS ITIONS

wem Volume Percentage of Element In Core? Refl

Asembly | ow | gm | N o Al ™ ¢ 0 ™ 7 Te

Nomber | ary | oaw | o [ @ | 6w [ e | o | a;m | 2w | aow | ew ’
n nw | w [ wn | 2n | sa | na A
s e | B | e | | 2m | us )
- wo | Bw | w | i | 2% | ne A
" un | wo | wy | w0 | 2n | 2% A
") us | wo | ne | s | A
n Wl | nn | & | o | s A
» w | B0 | &8 | av | 1B % A
u an | am | a» [ aw | un 0w A
» s | %0 | &8 | aw | 1B 1810 A
v ' | mo | &8 | aw | 1B Y A
» e | uw [ u» | wu | 25 | Bu s | am 8
n w | an | 1 | an | 1 | ew A
» 159 | nw | @ | am | 1» A
) | owy | e | aw | s A
» w " mwn s an no us A
© s | we | us | 20 | an | BB 1.3 A
n st | [ us | 24 | an | nw A
® wa | as | e | s | s A
n w | o | 8% | e | 22 e A
u w | uw |1 | 28 | < | B2 9.08 A
» s | a» | B | sw | s 5% s c
» w | es | w | 12 | 20 un A

@A genwities given In parentheses for sach slement Gm cm ).

10 a8l cases e reflector was X0.00 o thick. There were four types with the following volume percentage compositions:
o
28

o oW

gl TS B0 N A

arn ny b¥ ] an Lo

al oe» nw 1% in l0.08

am »sl ns 1% e e EA' )
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APPENDIX III

J J CINTRAL SPECTRA AND SPECTRAL INDICES /  / J
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APPENDIX 1V

GROUP FISSION CROSS SECTIONS FOR U?* AND U2

These were estimated from the Second Edition of BNL-325.

of UIM of Ul)b
G (barns) (barns)
1 1.55 0.90
2 1.50 0.94
3 1.50 0.74
] 1.15 0.46
5 0.90 0.02
6 0.25
7 0.06
8
9
10
11
12
13
14
15
16
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